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Development for Detecting the Landslide Areas Using 
Single Optical Sensor Image and Synthetic Aperture Radar Image
Abstract 
Satellite remote sensing is one of the useful tools to understand the situation of 
damaged areas when a severe natural disaster occurred because that can observe 
remotely wide area at a once. 
In general, it is necessary to use satellite image both before and after to extract 
damaged areas due to natural disaster. It is very easy to detect changes of land surface 
by comparing before and after images. 
However, it is not always a possible method in emergency situation. There is no 
useful archive data in some region for detecting damages. Furthermore, additional pre-
processing is requited such as geometric correction and removing effects of seasonal 
changesd for each data sets. 
In this study, I would like to propose the new method to detect landslide areas 
just using satellite images of after natural disaster occurrence. ALOS and ALOS-2 as 
optical sensor and Synthetic Aperture Radar (SAR) images are applied for this study and 
the characteristics of each methods are evaluated in actual disaster events. 
I developed two methods to detect landslide areas using Normalized Difference 
Vegetation Index (NDVI) and NIR-Blue-Red (NBR). I developed NBR as new index for 
the 2008 Iwate-Miyagi Nairiku Earthquake and the 2009 July Chugoku-Northern 
Kyushu Heavy Rainfall for application of optical sensor images. 
As a result, I found that it is possible to detect landslide areas from two 
thresholds which are determined as intersections of histograms created from the pixel 
values of landslide area, vegetation area and water area in NDVI and NBR images.  
The method using NDVI could detect landslide areas with 99% recall and 29% 
precision for the 2008 Iwate-Miyagi Nairiku Earthquake when the region of 0.15-0.62 
which was determined by the two thresholds, and with 93% recall and 4% precision for 
the 2009 July Chugoku-Northern Kyushu Heavy Rainfall when 0.15-0.50 was used. On 
the other hand, the method using NBR could detect those with 80% recall and 52% 
precision for the 2008 Iwate-Miyagi Nairiku Earthquake when 0.23-0.13 was used, 
and with 73% recall and 3% precision for the 2009 July Chugoku-Northern Kyushu 
Heavy Rainfall when 0.21-0.02 was used, From the results, we can that the method 
using NDVI is possible to detect with high recall and the method using NBR is possible 
to detect with high precision. 
For SAR applications, I developed three methods; first, using one polarization 
images such as HH, HV, VH and VV images, second, using two polarization images of 
four images, and third using all the four polarization images for the 2014 August Heavy 
Rainfall. 
The method using HH polarization image could detect 18 landslide areas of 19 
landslide areas which actually occurred for the 2014 August Heavy Rainfall when 6.2-
13.4 was used as thresholds. The method using two-polarization images and four-
polarization images could detect all landslide areas in front side slope. 
As a conclusion, landslide areas can be detected using the proposed methods 
which use only after image. This is very useful in emergency disaster phase in case 
that before image cannot be obtained. Furthemore, this study can contribute for coming 
new satellite data such as ALOS-3 and ALOS-4, also for making training data for 
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HH HV VH VV 
























m2 HH  HV  VH  VV
1 22,104 64.6 
2 27,288 85.6 
3 17,721 51.6 
4 7,261 33.6 
5 25,218 42.6 
6 3,141 33.6 
7 30,942 52.6 
8 27,486 41.6 
9 15,966 22.6 
10 15,705 12.6 
11 13,689 2.6 
12 34,587 171.4 × × ×
13 90,009 136.6 
14 4,401 164.4 
15 5,922 167.6 
16 16,821 171.6 
17 15,066 176.4 
18 5,076 179.4 
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2  =   +  (5.2)4  =  {( + ) ( + )}{( + ) + ( + )} (5.3)














çòéï îòîð ðòçê îðòéð
îòîð ðòçê çòéï ì
íéòíð ïêòðç ðòêì ðòçè















óëòë ï ïï ïï ïï










³î î  ì
ï îîôïðì êìòê 
î îéôîèè èëòê 
í ïéôéîï ëïòê 
ì éôîêï ííòê 
ë îëôîïè ìîòê 
ê íôïìï ííòê 
é íðôçìî ëîòê 
è îéôìèê ìïòê 
ç ïëôçêê îîòê 
ïð ïëôéðë ïîòê 
ïï ïíôêèç îòê 
ïî íìôëèé ïéïòì 
ïí çðôððç ïíêòê 
ïì ìôìðï ïêìòì 
ïë ëôçîî ïêéòê 
ïê ïêôèîï ïéïòê 
ïé ïëôðêê ïéêòì
ïè ëôðéê ïéçòì 































³î î  ì
ï ïôçïé èìòê 
î îçôçêï íîòê 
í èôèëê íçòê 
ì ïíôëìë ïëïòê 
ë ïìôìêí ïíçòê 
ê îìôðíð ïððòê 
é íëôëë çèòê 
è ïïôîêè ïîëòê 
ç éôîêï ïðìòê 
ïð èôééë ïéïòê 
ïï îëôêéé ïìíòê 
ïî ïîôððê ïìçòê 
ïðì 
ì ØØô ØÊô ÊØô ÊÊ î
ì îê è î ì
î îðòéð îòîð













ï÷ îê è ô îðïëò 
î÷ ßÔÑÍ ô 
ßÔÑÍóî ô ¸¬¬°æññ©©©ò»±®½ò¶¿¨¿ò¶°ñßÔÑÍóîñ¿¾±«¬ñ¶±ª»®ª»©ò¸¬³ò 
í÷ ïñîòë ô ¸¬¬°æññ©©©òª»¹»¬¿¬±²ò¾±¼½ò¹±ò¶°ñò 
ì÷ ô ¸¬¬°æññ³¿°ò¹ò¹±ò¶°ñýïîñíîòéèíëîîñïíïòïíçê 
éçñú´ãÁ±®¬ú¼°ãïú´½¼ãÁ±®¬úªã½ï¶ð¸ðµð´ð«ð¬ð¦ð®ððºïú¼ãª´ò 




ê÷ ô ¸¬¬°æññ³¿°ò¹ò¹±ò¶°ñ 
¸»´°ñ ¸±©ó¬±«»ò¸¬³´ò 
é÷ ô ô ô ô  ÍßÎ
ô ô ëë ô ïï ô °°òíëóíèô îðïíò 
è÷ ô ô ô Ôó¾¿²¼ ÍßÎ øÐßÔÍßÎóî
ô ô íé ô ï ô °°òîïó
îêô îðïéò 
ç÷ ÝßÑ Ç«²ó¹¿²¹¿ô ÇßÒ Ôó¶«¿²¾ô ÆØÛÒÙ Æ»¦¸±²¹¿ æÛÈÌÎßÝÌ×ÑÒ ÑÚ 
×ÒÚÑÎÓßÌ×ÑÒ ÑÒ ÙÛÑÔÑÙÇ ØßÆßÎÜ ÚÎÑÓ ÓËÔÌ×ÐÑÔßÎ×ÆßÌ×ÑÒ ÍßÎ 
×ÓßÙÛÍô ×²¬»®²¿¬±²¿´ Í±½»¬§ º±® Ð¸±¬±¹®¿³³»¬®§ ¿²¼ Î»³±¬» Í»²²¹ô Ê±´ò 
ÈÈÈÊ××ò Ð¿®¬ Þì°ô °°òïëîçóïëíîô îððèò 
ïð÷ ô ô ô ô ô ô ßÔÑÍ
ô ô êë ô ì ô 
°°òíóïìô îðïîò 
ïï÷ ô ô ô ÍßÎ
ô ô íï ô °°òîìïó
îìêô îðïéò 
ïî÷ ô ßÔÑÍóîñÐßÔÍßÎóî îê è
ô íë ô ×××óìóëô îðïêò 
ïí÷ ô ô ô ÐßÔÍßÎóî
ô îè ô ×Êóïèô îðïêò 
ïì÷ ô ô ô ô î ÍßÎ
ô ô éçï ô îðïìò 
ïë÷ ô ßÔÑÍóîñÐßÔÍßÎóî
ô Úê ô éì ô ï ô °°òïóïðô îðïèò 
ïê÷ ô 








































îððç ðòîï ðòðî ÒÞÎ
ëðð³î
îððè















ÐßÔÍßÎóî ØØô ØÊô ÊØô ÊÊ
çð
ØØ






ë ì ØØô ØÊô ÊØô ÊÊ î
ì îê è î ì
î îðòéð îòîð ðòçê












ÒÜÊ× ÒÞÎ î ì
ë
óêòï
ë í
ÒÜÊ×
ïïï 
ÍßÎ ÒÜÊ×
ÒÞÎ ÒÜÊ×
ÒÜÊ×
ÒÞÎ
î ì
î ì
î ì
ÒÜÊ×
ÒÞÎ
óêòï
ÒÜÊ×
ÒÞÎ
î
ì
ïïî 
Ù×Í
îððè îððç
îðïê îê è
ßÔÑÍóí ßÔÑÍóì
ê
ïî
